We introduce a new performance scheme for banks, inspired by the Du Pont scheme for corporates, which clarifies the relationship between return on equity (RoE), risk-adjusted return on capital (RAROC) and return on assets (RoA). The scheme highlights how common financial ratios risk factors influence the development of RoA, RAROC and RoE. The scheme can be applied by managers, analysts and regulators to analyze the performance of an individual bank, as well as the performance of the banking sector as a whole. In addition, it can be used by bank managers to set coherent targets for various key financial ratios that tend to be managed separately within a bank, to achieve a target RoE, RAROC and RoA. We illustrate our performance scheme by applying it to analyze the main drivers behind the development of the performance of the U.S. commercial banking sector during the past 23 years.
Introduction
How can banks generate healthy returns? This question occupies the minds of many bank managers, regulators and analysts, as banks have to increase their capital at the same time as they aim to improve their returns on capital. The commonly used performance metric to measure bank performance is return on equity (RoE). However, this metric completely ignores risk. Since returns can be boosted by taking more risk, at least in the short run, this is a serious limitation. A performance measure that takes risk into account is the risk-adjusted return on capital (RAROC), but this performance metric has not captured the imagination of many bank managers and analysts yet. This is probably due to the lack of availability and comparability of this metric across the industry, and the lack of clarity on how such a metric relates to returns for shareholders.
More generally, a problem with bank performance metrics is the missing link with traditional financial variables and ratios that drive performance. For industrial firms, the Du Pont scheme establishes this link by decomposing RoE into business factors that drive performance, including operating margin, capital velocity and leverage. Analyzing these factors helps us understand the difference between a firm's RoE and that of its peers, and how performance could potentially be improved. Similar schemes to analyze bank performance [Grier (2007) , European Central Bank (ECB) (2010), McGowan and Stambach (2012) ] typically disregard important factors that reflect risk-taking, regulatory capital requirements and the cyclical nature of bank performance.
In this article, we introduce a new performance scheme for banks, inspired by the Du Pont scheme for industrial firms, which clarifies the relationship between return on assets (RoA), RoE and RAROC. In contrast to existing performance schemes, our performance scheme clarifies how relevant risk factors influence RoE. The scheme can be used by analysts and regulators to analyze the performance of an individual bank, as well as the performance of the industry. It can also be used by bank management to set consistent targets for various key financial ratios that tend to be managed by different managers within a bank to achieve a target RoE, RAROC and RoA.
Analyzing bank performance -linking RoE, RoA and RAROC: U.S. commercial banks 1992-2014
In the next section, we introduce the relevant performance metrics and our performance scheme for banks, and use them to analyze bank performance in the U.S. between 1992 and 2014. For the application of our performance scheme to the U.S. banking sector, we take the viewpoint of a commercial bank. We will subsequently comment on how the scheme could be modified to reflect other bank activities, such as investment banking or asset management.
RoE, RAROC and risk-based required capital
The key performance metric that most analysts use is RoE. This is defined as profit after tax (PAT) divided by equity. Since equity analysts are interested in shareholder returns, equity is typically taken to be the average common shareholder equity over the reporting period. We use the book value of equity in our performance scheme as this is generally available, although the market value of equity is preferable from a theoretical point of view.
RAROC is defined as:
RAROC adjusts a bank's return for risks in two ways. First, the numerator incorporates the expected loss associated with lending, rather than the actual loan impairments that are included in the income statement of the bank. Expected losses are calculated on the basis of long-term average default rates and recovery rates associated with the bank's actual loan portfolio. It thus represents a long-term view on loan losses. RAROC thus represents a view on profitability that is cycle neutral by considering long-term average credit losses instead of actual loan impairments that are influenced by the phase of the economy.
Second, it relates the adjusted income as measured in the numerator to risk-based required capital (RRC). RRC is a measure of how much capital a bank needs as a consequence of the risks it is exposed to, as opposed to the amount of available capital.
Analyzing bank performance -linking RoE, RoA and RAROC: U.S. commercial banks 1992-2014
Risk is high when the potential for large unexpected losses is high, and the bank then needs more capital to safeguard itself against the risk of insolvency. Regulators require that banks hold more capital when their risks increase. With Basel 2, 2.5 and 3, these regulations have become increasingly more detailed and risk sensitive. However, the Basel regulations do not capture all risks, and some calculated risks are simplifications of the real risks. Hence, a number of banks have developed internal models to measure their risks more accurately and comprehensively [Klaassen and Van Eeghen (2009) ]. These internal capital measures are referred to as "economic capital." Ideally, these internal capital measures should be used in RAROC calculations. However, they are not always disclosed; and when disclosed, a comparison between banks is not always possible. Analysts, therefore, often have to work with required or available regulatory capital as (proxy) measures for RRC.
RAROC is used to assess whether a bank's returns provide sufficient compensation for the risks that it is exposed to. RAROC is also used to assess and compare the performance of different business units within a bank that allocates RRC to business units on the basis of their contribution to the bank's overall RRC.
A performance scheme for banks
An important feature of a good performance scheme is that the performance can be imputed to underlying factors that can be managed by the institution, and that are coherently related to each other (i.e., no double counts or gaps).
We distinguish three stages in our performance scheme: Note: abbreviations used in the performance scheme: R (revenues), C (costs), EA (earning assets), PBTI (profit before taxes and interest (= R -C)), RoA (return on assets), EL (expected loss), TA (total assets), RRC (riskrequired capital), RAROC (risk-adjusted return on capital), Imp (impairment), UL (unexpected loss (= Imp -EL)), PBT (profit before tax), PAT (profit after tax), Equity (shareholder equity) and RoE (return on equity).
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The three key performance metrics are in formula form:
RoA is primarily determined by the bank's choice of business activities and cost-efficiency, since the factors that determine the RoA are:
• Gross return on assets (R/EA): earning assets are the assets that contribute directly to revenues. Non-earning assets include intangible assets, goodwill, tax claims and other non-interest bearing claims. The ratio reflects the bank's asset productivity and is higher for activities with little price competition, or that are more risky (high revenues being compensation for the risk). The ratio will also be higher if the bank generates significant revenues from activities that do not contribute (materially) to earning assets, such as transaction services and asset management.
• Cost/income (C/R): a lower ratio implies that fewer costs need to be made to generate a dollar of revenues. The ratio reflects the bank's cost-efficiency.
RAROC represents the return on risk-based required capital, with the return based on expected credit losses, i.e., ignoring unexpected credit losses that are of a cyclical nature. The RoA is an important driver of the RAROC. Other factors are:
• Expected loss as a percentage of earning assets (EL/EA): reflects the asset quality of the bank. A high ratio indicates that the bank is active in lending to debtors that have a high risk of default (e.g., credit cards and subprime lending). However, we note that this ratio only provides an indication of the credit quality of assets that are accounted for as held-to-maturity. For assets that are accounted for at fair value, such as assets in the trading book, the expected loss is reflected in the fair value already. Hence, an increase of assets that are accounted for at fair value may lead to a decrease in the EL/EA ratio without a change in asset quality.
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• Earning assets as a percentage of total assets (EA/TA): is an indicator of a bank's efficient use of assets. If a bank has many non-earning assets the ratio would fall and form a drag on its RAROC.
• Risk-normed leverage (TA/RRC): indicates to what extent the assets of a firm should be funded with capital, given the risk profile of the assets. In other words, how much leverage a firm can use. This ratio is lower the more risky the assets are, since risky loans require more capital. This leverage ratio is a normative ratio, because it is calculated on the basis of how much capital is required, not how much capital a bank actually has.
RAROC increases when (ceteris paribus) RoA increases, when asset quality improves or when risk-normed leverage increases. Optimizing RAROC may give rise to some complex trade-offs. For example, if a bank wants to increase its RAROC by expanding its high-risk loan portfolio and thereby its RoA, then such an expansion will increase its EL and decrease its risk-normed leverage, because required capital will increase. The key question will be whether the increase in RoA sufficiently compensates for the higher EL and lower acceptable leverage. A number of sophisticated banks have provided their business and risk management units with RAROC-tools to aid them in finding the right balance between risk and return.
The final step is to derive RoE from RAROC. This is accomplished by adding three more factors to the equation:
Unexpected losses (UL) as a percentage of RRC (impairments -EL)/RRC: if impairments are higher than expected losses, this constitutes an unexpected loss, which reduces RoE. Impairments are typically higher than EL in an economic downturn, and lower than EL in good times. As such, this ratio provides an indication of how economic circumstances have affected the bank's results and RoE.
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• The inverse capital buffer ratio (RRC/equity): holding equity in excess of RRC may reflect the desire of the bank's management to have a capital buffer on top of RRC. A high capital buffer will decrease leverage and reduce RoE.
• The impact of taxes (PAT/PBT): higher taxes result in a lower ratio and a lower RoE.
It follows that RoE and RAROC are directly and positively related to each other. RoE increases when RAROC increases, but also when the capital buffer decreases and when there are favorable economic circumstances (i.e., when actual impairments are lower than expected losses).
When we consider the entire performance scheme, we can directly see the chain of cause and effect. For example, a lower cost/income ratio will improve RoA and, as a result, improve RAROC and RoE. The risk-normed leverage ratio has an impact on RAROC and, via RAROC, on RoE. The inverse capital buffer ratio only has an impact on RoE.
The performance scheme comprises ratios that are commonly tracked within a bank and relate to specific management actions or choices. In that respect, it is very similar to the Du Pont scheme for industrial firms. Based on the available data, we have made the following assumptions in our analysis:
• Profit after tax is measured as "income before extraordinary items," thereby excluding "extraordinary gains."
• Equity equals "total equity capital" and includes (a small amount of) perpetual preferred stock.
• RRC is not available in the data, and, therefore, we need to approximate it. We have set RRC equal to intangible assets plus 8% of risk-weighted assets. Between 1992 and 2014, U.S. banks calculated risk-weighted assets based on Basel I, which has limited risk sensitivity as it only includes credit and market risk and, within credit risk only distinguishes between broad lending categories (sovereigns, corporate, retail mortgages, etc). Hence, the proxy we use for RRC may differ materially from the risk-based capital requirement that banks calculate internally.
• EL to EA in each year equal to the average ratio of impairments to risk-weighted assets over the period 1992-2014 times the ratio of risk-weighted assets to earning assets at the beginning of the year. The ratio thus reflects the long-term average of actual impairments, but varies with the risk weight (and thus riskiness) of assets.
Analyzing bank performance -linking RoE, RoA and RAROC: U.S. commercial banks 1992-2014 Figure 2 shows that the expected loss ratio, and thus the risk profile of the credit portfolio, increased between 1994 and 2000, notwithstanding that realized impairments were below their long-term average. After a peak in impairments in 2001-02, associated with the dotcom crisis, the expected loss ratio slightly decreased before increasing again in 2005-06. After the very significant impairments as a result of the financial crisis, the expected loss ratio declined notably as banks took firm action to clean up their balance sheets. 
U.S. Treasury yields (10 year)
As Figure 3 shows, RoE for the U.S. banks in aggregate has decreased from about 15% between 1993 and 2006 to below 10% since the financial crisis. In the same period, the yield on 10-year U.S. Treasury securities decreased by approximately 4%, and while the RoE of banks bounced back after the financial crisis, the excess return over U.S. treasuries has not returned fully to pre-crisis levels.
To analyze the causes for the decrease of RoE, we first compare the development of RoE with the development of RAROC during the same period (in Figure 4) . Source: www.federalreserve.gov
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We observe that, up to 2002, RAROC and RoE display a similar pattern, but in the years thereafter, RAROC decreases whereas RoE remains flat. The main reason for this is that the capital buffer decreased, and hence the ratio RRC/equity increased, between 2002 and 2008, which benefited RoE. We observe in the run-up to both the dotcom crisis in 2001-02 and the financial crisis in 2008, that capital buffers are decreasing; after the dotcom crisis, the capital buffer was only partially restored, but after the financial crisis, the capital buffers increased significantly. While lower capital buffers helped to support RoE, the re-establishment of a capital buffer had the opposite effect.
An additional contributor to the difference between RAROC and RoE is the unexpected loss, which impacts RoE but not RAROC. This is most clearly seen in the large unexpected losses in 2008 to 2010, as a result of which, RoE recovered more slowly than RAROC. We have depicted the impact of the unexpected loss (IMP-EL)/RRC with a negative sign in Figure 4 to clearly show the positive correlation with RoE. To obtain additional insight into the drivers of the changes in RAROC over time (and implicitly also RoE), Figure 5 depicts the development of the main individual components influencing RAROC -RoA and the risk-normed leverage ratio TA/RRC. Figure 5 shows that the risk-normed leverage gradually decreased until 2007, implying that banks were taking more risks. Until 2002, the RoA increased, suggesting that the higher risks were also reflected in higher returns. However, between 2002 and 2007, RoA and risk-normed leverage both decreased, resulting in a significant drop of the RAROC. It was only by reducing their capital buffer that banks could maintain their RoE, as was shown in Figure 4 .
Finally, we analyze, in Figure 6 , the drivers of the changes in RoA.
As Figure 6 shows, the RoA increased until 2002, mainly due to higher cost-efficiency (1 -C/R). In the period thereafter, lower revenues (R/EA) started to reduce RoA, but RoA really fell sharply during the financial crisis, as a result of large trading losses that have been accounted for in revenues, and thus depressed both the R/EA and (1 -C/R) ratios. After the financial crisis, when trading losses had ceased, RoA bounced back but, from 2010 onward, RoA fell again as the pressure on revenues caused a continuation of its downward trend. Moreover, the cost-efficiency did not return to pre-crisis levels, notwithstanding various cost reductions by banks; litigation costs related to the financial crisis proved to be very significant [Chauduri (2013) , Lloyd (2013) ]. These litigation costs materialize with a considerable time lag and it may, therefore, take some time before the cost-efficiency improves again.
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The analysis for the financial performance of the aggregate U.S. commercial banking sector thus shows the following:
• The increase in both the risk-normed leverage and the capital buffer since the financial crisis and, to a lesser extent, after the dotcom crisis, indicates that U.S. banks have reduced their risk profile in response to these crises. These changes are much less visible if we were to consider only the total leverage ratio (total assets/equity), since the increase in the risk-normed leverage (TA/RRC) is offset by the increase in the capital buffer (decrease in (RRC/equity)) in this ratio. 
5.0%
• RoA has been under pressure since the financial crisis due to lower returns on earning assets, thereby negatively impacting RAROC and RoE. The lower return on earning assets appears to be a global phenomenon, and is also observed in various European banking markets where the decrease, in fact, started earlier and is much more pronounced [see for example Lusignani and Onado (2014) , Van Eeghen and Klaassen (2013)].
• The increase in RoE since the financial crisis is mainly caused by the fact that credit losses have been below long-term average losses, but the underlying trend, as reflected in a lower RAROC, signals fundamental performance challenges. The conclusion is, therefore, sobering: if the decreasing trend of R/EA cannot be stopped, and increasing leverage is ruled out by regulators, then improving cost-efficiency is the only route open to banks to improve returns. Nevertheless, the challenges for U.S. banks pale in comparison with those of European banks, whose profitability has suffered by a much greater degree after the financial crisis [Deutsche Bank Research (2013)].
Using the performance scheme for scenario analysis and target setting
The presented performance scheme enables a structured analysis of the main drivers behind the RoE, RAROC and RoA performance metrics and their interrelationships. In addition, it allows for a direct evaluation of the impact of a change in a financial ratio in one of the branches in the performance scheme on RoA, RAROC and/or RoE. With a target RoE in mind, it can, therefore, be used to determine target levels for the individual financial ratios that contribute to the RoE. Figure 7 provides the performance scheme for the aggregate U.S. commercial banks for 2014. For banks RAROC and RoE in 2014 were, respectively, 13.82% and 9.20%. On the one hand, RoE had the benefit of a tail wind in 2014, as loan impairments were significantly below their estimated long-term expected value ((Imp -EL)/RRC = -4.33%).
On the other hand, the relatively large capital buffer (represented by the ratio RRC/equity being significantly below 1) depressed the RoE.
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We will now analyze various scenarios. As a first illustration, we evaluate the impact of higher RRC (triggered, for example, by new insights and refinement of internal risk models or, if based on RWA, an increase in RWA), while taking a long-term view on credit losses. In this scenario, we make the following adjustments to the scheme: unexpected credit losses are set to zero and we increase the percentage with which we multiply RWA from 8% to 10% to obtain a higher risk-based required capital. The resulting performance scheme is presented in Figure 8 (changes from the actual situation are highlighted in red). The performance scheme shows that the higher capital requirements result in a lower risk-normed leverage, which reduces RAROC from 13.82% to 11.77%. The mirror image of higher capital requirements is a lower capital buffer (RRC/equity) that would normally compensate for the impact on RoE. However, in this example, we assume that banks and/ or their regulators want to maintain the equity buffer, so we have kept that constant at 0.73. With unexpected losses set to zero, the end result is that RoE reduces to 5.97%. In case management aspires to achieve a RoE of, say, 10%, what action can be taken to achieve this? Various options exist, ranging from seeking assets with higher returns, reducing costs, decreasing non-earning assets and lowering taxes. In Figure 9 , we "solve" the problem by reducing costs and improving the operating margin from 38.18% to 53.72%. This margin is approximately 10% higher than the best margin achieved by U.S. commercial banks since 1992, a veritable challenge.
In reality, individual banks may need to critically evaluate their chosen markets, business activities and operating model to be able to achieve a significant improvement of RoE. This will likely affect most, if not all, ratios in our scheme, instead of just the cost-efficiency that we have used in the illustration. The necessary changes in ratios that are found as a result of such an evaluation can subsequently be used to set performance targets for separate areas in the bank.
General use of the performance scheme
The above analysis can be performed at an industry level and at the level of an individual organization, or even business unit. For a bank performance scheme to be of practical value, its key driving factors must be intuitive, actionable and risk sensitive. In the presented scheme, the factors are well known within the industry and responsibilities can be assigned fairly easily. For example, managing the capital buffer is typically the responsibility of the treasury, whereas management of expected (and unexpected) credit losses is the responsibility of portfolio management and/or credit risk management. In many cases, an optimal balance between two or more factors needs to be found; for example, between revenues (R/EA) and risk-normed leverage (TA/RRC), since changing one is likely to lead to an offsetting change in the other(s). Pricing and other tools may be provided to the commercial units to aid them find the optimal balance.
Some factors may be branched out further to deepen the analysis. For example, the ratio R/EA may be split to distinguish between interest and non-interest income. Moreover, for a bank with multiple activities, a separate branch can be introduced in the performance scheme for each activity at the RAROC node. The RoE will then become a weighted average of the RAROC of the various activities, multiplied by the group-wide tax efficiency and capital buffer ratios.
In our presentation, we have taken the viewpoint of commercial banks. However, the performance scheme can easily be generalized to other types of banks and activities. For example, for asset management, earning assets could be replaced by assets under management. For trading activities, they could be replaced by a measure such as VaR. As such, we believe the performance scheme to be quite versatile to accommodate various situations and organizations.
Conclusion
The presented performance scheme allows bank analysts to analyze the driving factors of a bank's performance and the relation with (changes in) the risk profile of the bank. The scheme can be applied to individual banks, as well as at the industry level, as we have done in this paper.
The scheme is also relevant for regulators to obtain better insight of the drivers of change in the financial health of the banking industry. Furthermore, new regulations may negatively affect various performance drivers, of which the impact may be better understood by use of the scheme.
Finally, and perhaps most importantly, the presented performance scheme may help a bank's leadership to formulate a coherent internal risk appetite and set explicit targets for key performance drivers that directly link to the desired shareholder returns. The clarity of the link between performance targets and RoE will help staff to have a clear understanding of what is being expected from them and why. Such clarity will also contribute to a convincing story for investors. The fact that risk appetite, in the form of asset quality and risk-normed leverage, is an explicit driver of RoE, should furthermore give comfort to bank regulators and depositors. The performance scheme thus provides clear cues to all stakeholders on how banks can generate healthy returns again.
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